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(54) High-frequency transmission line, dieiectric resonator, filter, duplexer, and communication 
device 

(57) The invention provides a high-frequency trans- 
rnission line and a dielectric resonator having a small 
size and having an effectively reduced loss. When a 
transmission line is produced, an electrode (3, 3*) is 
formed on a dielectric plate (1) in such a manner that 
one or more gaps (4) are formed in an edge portion of 
the electrode (3, 3*) along an edge of the electrode 
thereby forming thin line-shaped electrodes (3*) 
whereby a current which would otherwise be concen- * 
trated to a great extent in the edge portion of the eiec- g 
trode is divided into a plurality of portions. § 
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Descripti n 

BACKGROUND OF THE INVENTION 

1 . Field of the Invention 

[0001] The present invention relates to a high-fre- 
quency transmission line and a dielectric resonator suit- 
able particularly for use in a microwave or millimeter- 
wave band. 

2. Description of the Related Art 

[0002] Microstrip lines are widely used as transmis- 
sion lines in high-frequency drcuits because of its 
advantages that they can be easily produced into a 
small-sized form and/or into a thin form. 
[0003] As shown in Rg. 33. the basic structure of a 
microstrip line consists of a ground electrode 2 formed 
on one surface of a dielectric plate 1 and a microstrip 
line electrode 3 formed on the other surface. In the 
microstrip line having such a structure shown in Fig. 33. 
a current is concentrated on edges of the electrode 3 
because of the so-called edge effect. This gives rise to 
a great increase in the conductor loss at the edges. The 
great majority of the conductor loss occurs in an edge 
portion within the range of a few microns of the micros- 
trip line. This means that the loss and the maximum 
allowable power of the transmission line are dominated 
by the edge effect. 

[0004] In view of the above. Japanese Unexamined 
Patent Publication No. 8-321706 discloses a high-fre- 
quency transmission line in which the concentration of a 
current at edges of an electrode is eased. In this high- 
frequency transmission line, line-shaped conductors 
with a fixed width are formed so that they are spaced a 
fixed distance apart from each other and so that they 
extend in a direction parallel to a signal propagation 
direction. 

[0005] Although the transmission line structure includ- 
ing line-shaped conductors having a fixed width and 
equally spaced from each other is effective to ease the 
current concentration at edges, the central portion of the 
transmission line is also made up of line-shaped con- 
ductors and thus an increase in the conductor loss 
occurs due to tiie reduction in the effective cross-sec- 
tional area of the conductor in the central portion of the 
transmission line. 

[0006] The above problem occurs not only in micros- 
trip lines or transmission lines, but also in dielectric res- 
onators consisting of an electrode formed on a 
dielectric. 

[0007] In view of the above, the object of the present 
invention is to provide a high-frequency transmission 
line and a dielectric resonator formed into a small-sized 
shape and having an effectively reduced loss. 
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SUMMARY OF THE INVENTION 

P)008] According to an aspect of tiie present inven- 
tion, there is provided a high-frequency transmission 

s line including a dielectric and an electrode, wherein one 
or more gaps are formed in an edge portion of the elec- 
trode along an edge of the electrode. As a result of the 
formation of the gaps, one or more thin and long elec- 
trodes serving as a part of the high-frequency transmis- 

10 sion line are formed along the edge of the electrode. A 
current is divided into the one or more thin electrodes 
and the edge portion of the main electrode. Because no 
gaps are formed in the main electrode, tiie increase in 
the conductor loss due to the reduction in the cross-sec- 

15 tional area of tiie conductor is avoided. Thus, it is possi- 
ble to furtiier reduce the conductor loss compared with 
tiie conventional transmission lirie made up of thin line- 
shaped conductors witii a fixed width over the entire 
with of the transmission line. In the case where a con- 

20 ductor loss similar to that of the conventional transmis- 
sion line is allowed, it is possible to achieve a 
f ansmission line with a smaller total size and/or a 
smaller tiiickness. 

[0009] In tiie high-frequency transmission line 

25 descnl^ed above, the eiecti'ode is preferably fomied into 
a multilayer structure consisting of thin conductive lay- 
ers and tiiin dielectric layers. In the case of a structure 
consisting of a single conductive layer formed on a die- 
lectric, a current is concentrated within a surface layer of 

30 tiie electrode film due to tiie skin effect and thus tiie 
great majority of the current flows through the surface 
layer within a skin deptii. This causes a high conductor 
loss. This problem is eased by employing the structure 
according to tiie present invention in which the elec- 

35 trode is formed into a multilayer structure consisting of a 
tiiin conductive layer and a ttiin dielectric layer so that 
tiie cunent is divided into a plurality of tiiin conductive 
layers tfiereby easing the current concentration also in a 
direction across tiie thickness of the electrode and thus 

40 reducing the total conductor loss. 

[0010] The above-described electrode may be made 
of a superconductive material. In general, superconduc- 
tive materials become zero in electric resistance at tem- 
peratures equal to or lower than the superconductivity 

45 fransition temperature. To keep the superconductivity, it 
is required tiiat tiie cunrent density should be main- 
tained at a predetermined value lower than the critical 
cunrent density. If the current density becomes higher 
than the critical current density, the superconductivity is 

50 broken and tiie material has a finite resistance. Accord- 
ing to the present invention, the current concentration in 
various portions of the electrode are eased and thus it is 
possible to easily maintain superconductivity even when 
the electrode has a small width (small cross-sectional 

55 area). 

[0011] According to another aspect of tiie present 
invention, there is provided a high-frequency transmis- 
sion line including a dielectric and an electrode, wherein 
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the electrode is formed into a multilayer structure con- 
sisting of thin conductive layers and thin dielectric lay- 
ers, and an end of the electrode is bent in a direction 
substantially perpendicular to the surface of the dielec- 
tric. In this structure, when a current is going to gather 5 
into an edge portion of the electrode due to the edge 
effect, the current is divided into a plurality of thin con- 
ductive layers in the portion of the electrode bent in the 
direction substantially perpendicular to the surface of 
the dielectric plate. Furthermore, the effective aoss- w 
sectional area of the electrode increases in the edge 
portion where the edge effect occurs to a greater extent 
than in other portions andi thus the current concentra- 
tion in each thin conductive layer is also eased. 
[001 2} According to still another aspect of the present is 
invention, there is provided a dielectric resonator 
employing the above-described high-frequency trans- 
mission line as a resonant line thereby achieving a die- 
lectric resonator having high no-load Q (Qo). 
[001 3] According to still another aspect of the present 20 
invention, there is provided a dielectric resonator includ- 
ing an electrode formed on the surface of a dielectric or 
in the inside of a dielectric, wherein one or more gaps 
are formed in an edge portion of the electrode along an 
edge of the electrode. In this structure, the current con- 2s 
centration in the edge portions of the electrode is sup- 
pressed and thus the total conductor loss decreases. As 
a result, it is possible to obtain a dielectric resonator 
having high Qo. 

[0014] Rgs. 31 and 32 show the attenuation constant 30 
a(Np/m) simulated for various transmission lines. The 
simulation was performed at a frequency of 2 GHz 
under the assumption that the thickness and the relative 
dielectric constant €r of ^^^^ dielectric plate were 0.1 
mm and 10. respectively, and the effective line width 35 
was 1 1 |im. Rg. 31 shows the simulation result for the 
case where 1 )im gaps were formed so that the resultant 
widtii of thin line-shaped electrodes became 1 ]im. In 
the case where gaps are formed so that thin line- 
shaped electrodes are formed over the entire width of 40 
the transmission line, the resultant a becomes 3.59 
which is worse than the attenuation constant a = 2.92 
obtained in the conventional transmission line shown in 
Fig. 31 A. On the other hand, if one gap is formed along 
one edge and another gap is formed along the opposite 4s 
edge as shown in Rg. 31 C, a = 2.87 is ot>tained and 
thus a great improvement in the conductor loss is 
achieved. If two gaps similar to the above-described 
gaps are formed in each edge portion as shown in Fig. 
3 ID, then the attenuation constant a becomes 3.15. so 
This result is worse than that for the structure shown in 
Fig. 31 A but better than that for the structure shown in 
Fig. 3 IB. In the case where a gap is formed at the 
center of the electrode as shown in Rg. 31 E, although a 
decreases by an amount corresponding to the reduction ss 
in the cross-sectional area of the conductor, a is still 
better than that obtained in the structure (B). 
[001 5] Fig. 32 shows the result for the case where the 
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gap widtii is 0.4 ^m and the width of each thin line- 
shaped electrode is 1.5 pm. If thin line-shaped elec- 
trodes are formed over tiie entire width of the transmis- 
sion line as shown in Rg. 328, a becomes smaller than 
that obtained In Fig. 318 because the total cross-sec- 
tional area is greater than Fig. 318. However, as can be 
seen from Figs. 32C, 32D, and 32E, tiie present inven- 
tion can provide a smaller value of a and thus a reduc- 
tion in the conductor loss. 

[0016] The present invention also provides a filter 
including a dielectric resonator of the above-described 
type and input/output electi-odes coupled to the dielec- 
tric resonator. 

[001 7] According to still another aspect of the present 
invention, there is provided a duplexer including a trans- 
mission filter and a reception filter each realized using a 
filter according to the above-described technique, 
wherein the transmission filter is disposed between a 
transmission signal input port arKi an antenna port, and 
the reception filter is disposed between a reception sig- 
nal output port and the antenna port, 
[0018] According to still another aspect erf the present 
invention, tiiere is provided a communication device 
including a high-frequency circuit wherein the high-fre- 
quency circuit includes at least one of the above- 
described high-frequency transmission line the above- 
described dielectric resonator, the above-described fil- 
ter, or the above-described duplexer. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0019] 

Rg. 1 is a perspective view illustrating the structure 
of a microstrip line according to a first embodiment 
of the invention; 

Fig. 2 is a schematic representation of cunrent den- 
sity distribution in the microstrip line shown in Rg. 1 
and that in a microstrip line according to a conven- 
tional technique; 

Fig. 3 is a perspective view illustrating the structure 
of a microstrip line according to a second embodi- 
ment of the invention; 

Rg. 4 is a perspective view illustrating the structure 
of a microstrip line according to a third embodiment 
of the invention; 

Rg. 5 is a perspective view illustrating the structure 
of a microstrip line according to a fourth embodi- 
ment of the invention; 

Rg. 6 is a perspective view illustrating the structure 
of a microstrip line according to a fiftii embodiment 
of the invention; 

Rg. 7 is a schematic diagram of an emtxxliment of 
a coplanar guide according to the invention; 
Rg. 8 is a schematic diagram of an embodiment of 
a coplanar guide including two symmetrical con- 
ductors according to the invention; 
Rg. 9 is a schematic diagram of an embodimerrt of 
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a slot guide according to. the invention; 

Fig. 1 0 IS a schematic diagram of an embodiment of 
a suspended strip line according to the invention; 
Fig. 11 is a schematic diagram of an embodiment of 
a fin line according to the invention; s 
Fig. 12 is a schematic diagram of an embodiment of 
a PDTL according to the invention; 
Rg. 1 3 is a schematic diagram of an embodiment of 
a strip line according to the invention; 
Rg. 1 4 is a schematic diagram of an embodiment of io 
a modified strip line according to the invention; 
Fig. 15 is a schematic diagram illustrating an exam- 
ple using a multilayer thin-f iim electrode; 
Rg. 16 is a schematic diagram illustrating anotiier 
example using a multiiayer thin-film electrode; is 
Fig. 1 7 is a schematic diagram of an embodiment of 
a 1/2-X transnnission line resonator according to the 
invention; 

Fig. 1 8 is a schematic diagram of an embodiment of 
a snap impedance resonator according to the 20 
invention; 

Fig. 1 9 is a schematic diagram of an embodiment of 
a hairpin type resonator according to the invention; 
Fig. 20 is a schematic diagram of an embodiment of 
a hairpin type snap impedance resonator according 2s 
to the invention; 

Rg. 21 is a schematic cfiagram of an embodiment of 
a 1/4-X transmission line resonator according to the 
invention; 

Fig. 22 is a schematic diagram illustrating the struc- 30 
tureof afilter; 

Fig. 23 is a schematic diagram of an embodiment of 

an open circular TM mode resonator; 

Rg. 24 Is a schematic diagram of an embodiment of 

an open rectangular TM mode resonator; 35 

Rg. 25 is a schematic diagram of an emkxxJiment of 

a rectangular strip line resonator; 

Fig. 26 is a schematic diagram of an embodiment of 

a circular strip line resonator; 

Rg. 27 is a schematic diagram of an embodiment of 40 
an open circular dielectric resonator; 
Fig. 28 is a schematic diagram of an embodiment of 
a TE-mode dielectric resonator; 
Fig. 29 is a schematic diagram illustrating the struc- 
ture of a duplexer; 4s 
Fig. 30 is a schematic diagram illustrating the struc- 
ture of a communication device; 
Fig. 31 is a schematic diagram illustrating the atten- 
uation constant simulated for high-frequency trans- 
mission lines having various structures; so 
Fig. 32 is a schematic diagram illust-ating tiie atten- 
uation constant simulated for high-frequency trans- 
mission lines having various structures; and 
Fig. 33 is a perfective view illustrating the struc- 
ture of a conventional microstrip line. ss 



DESCRIPTION OF THE PREFERRED EMBODI- 
MENTS 

[0020] A first en^xxJiment of a microstrip line accord- 
ing to the present invention is described below with ref- 
erence to Rgs. 1 and 2. Rg. 1 is a perfective view of 
the microstrip line. As shown, the microstiip line 
includes a ground electrode 2 formed on tiie lower sur- 
face of a dielectric plate 1 and microstrip line electrodes 
3 and 3' fomried on the upper surface of the dielectric 
plate 1 . In this embodiment, as shown in Rg. 1 . a plural- 
ity of gaps 4 are formed in the edge portions of tiie 
microstrip line electrode 3 so that thin and long elec- 
trodes 3' are formed in the edge portions. The micros- 
trip line elecfodes 3 and 3 ' may be produced by means 
of a thick film printing process. Alternatively, the micros- 
trip line elecbrodes 3 and 3' may also be produced by 
forming an electrode film over the entire surface and 
then forming gaps 4 in the elect-ode film by means of a 
proper patterning process such as etching. The strip 
line electrodes 3 and 3 ' may be made up of a supercon- 
ductive thin film. 

[0021 ] Rg. 2 illustrates the currerrt density distribution 
for k>otii tiie microstrip line shown in Rg. 1 and the con- 
ventional microstrip line shown in Fig. 33. In tiie struc- 
ture shown in Fig. 1, as can be seen from Rg. 2A, 
although current concentrations occur at edges of 
respective eiecti-odes 3 and 3 the current is divided 
into a plurality of portions and tiius tiie maximum cur- 
rent density is suppressed. In contrast, in the conven- 
tional microstrip line shown In Rg. 2B. a great current 
concentration occurs at both edges of the electrode 3 
and a great conductor loss results from such a great 
current concentration at the edges. 
[0022] In the case where the sfrip line electrodes 3 
and 3' are made up of a superconductive thin film, tiie 
above-described reduction in the maximum cunrent 
density achieved in the present invention makes it pos- 
sible to pass a large curreit over the entire widtii of the 
transmission line as long as the current density does not 
exceed the critical current density. This makes it possi- 
ble to realize a small-sized microsf ip line capable of 
dealing with high power. In other words, it is possible to 
reduce the thickness or the width of the sfrip line elec- 
fodes 3 and 3' so tiiat tiie microst^ip line can be used 
wftiiin the current density range below the critical cur- 
rent density. 

[0023] Rg. 3 is a perspective view illustrating tiie 
structure of a microstrip line according to a second 
embodiment of the present invention. This microstrip 
line is similar to that shown in Fig. 1 in that a plurality of 
gaps are formed along the edges of tiie microsfrip line 
electrode 3 but different in that elecbrodes at outer loca- 
tions have a smaller width and tiiose at inner focations 
have a greater wktth. In this structure, a higher density 
of thin line-shaped electrodes are formed in a portion In 
which the edge effect occurs to a greater extent thereby 
leveling the current density distribution using a less 
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number of gaps. 

[0024] Fig. 4 is a perspective vtew illustrating the 
structure of a microstrip line according to a third embod- 
iment of the present invention. This microstrip line is 
obtained by filling the gaps shown In Rg. 1 with a dielec- s 
trie material 4'. Although a cun'ent concentration occurs 
in edge portions of the electrodes 3 and 3*. the total cur- 
rent is divided into a plurality of portions and thus the 
nnaximum current density is suppressed. 
[0025] Fig. 5 is a perspective view of a microstrip line io 
according to a fourth embodiment of the present irrven- 
tion. This microstrip line is obtained by covering the 
upper surface of the dielectric plate 1 shown in Fig. 1 or 
4 with a dielectric 5. In the structure according to the 
fourth embodiment, coupling between a surface wave is 
mode and a fundamental mode close to a TEM mode is 
suppressed and thus the loss due to the energy conver- 
sion is suppressed. 

[0026] Fig. 6 is a perspective ^/\e^ illustrating the 
structure of a microstrip line according to a f tftii embod- 20 
iment, wherein the detailed structure of edge portions of 
a microstrip line 3 is not shown in Fig. 6A. An edge por- 
tion enclosed in a circle in Rg. 6A is shown in an 
enlarged feshion in Fig. 6B. In this embodiment, a 
microstrip line electrode 13 is disposed at the center, 2s 
and electrodes 3 are disposed at both sides of the 
microstrip line electrode 13. Furthermore, thin line- 
shaped electrodes 3' are disposed at both sides of the 
electrode 3. 

[0027] Figs. 7-14 illustrate transmission lines of the 30 
types other than the microstrip line. Although these 
transmission lines also include gaps formed at locations 
marked with circles, the detailed structure including 
gaps in edge portions are not shown in Rgs. 7-14. 
[0028] Rg. 7 is a perspective view illustrating an 35 
example applied to a coplanar guide. In this structure, 
as shown in Fig. 7, ground electrodes 9 and a coplanar 
guide electrode 8 are all formed on the same one sur- 
face of a dielectric plate 1. One or more gaps are 
formed in each portion marked with a circle in the figure 40 
where a magnetic field is concentrated, that is, in each 
of edge portions of tiie coplanar guide electrode 8 and 
also in an edge portion, close to the coplanar guide 
electrode 8. of each ground electrode 9, therdDy form- 
ing thin line-shaped electrodes such as those shown in 45 
Rg. 6B. 

[0029] Rg. 8 is a perspective view illustrating another 
example applied to a coplanar guide consisting of two 
symmetric conductors. In this example, as shown in Fig. 
8. coplanar guide electrodes are formed on the same so 
one surface of a dielectric plate 1 . One or more gaps are 
formed in both edge portions of each coplanar guide 
electrode 6 so that thin line-shaped electrodes similar to 
tiiose shown in Fig. SB are formed in the edge portions. 
[0030] Rg. 9 Is a perspective view illustrating an ss 
example applied to a slot guide. Slot guide electrodes 
are formed on one surface of a dielectric plate 1 as 
shown in Rg. 9. In this slot guide, one or more gaps are 



236 A2 




also formed in the slot guide electrode's edge portions 
spaced from each other by a slot where a magnetic f ieki 
is concentrated. 

[0031] Fig. 10 is a perspective view illustrating an 
example applied to a suspended strip line. In this exam- 
ple, as shown in Fig. 10, a suspended line electrode 10 
is formed on one surface of a dielectric plate 1. and 
ground electrodes 1 1 are formed on the qsposite sur- 
face. One or more gaps are formed in the ground 
electrode's edge portions spaced from each other by a 
slot and also in both edge portions of the suspended 
line electrode 10 so that thin line-shaped electrodes are 
formed in these edge portions. 

[0032] Fig. 1 1 is a perspective view illustrating an 
example applied to a fin line. In this example, as shown 
in Rg. 11, a dielectric plate 1 on which ground elec- 
trodes 12 are formed is disposed in the inside of a 
wavegukie 20. In this example, one or more gaps are 
formed in ground electrode's edge portions spaced 
from each other by a slot where a magnetic field is con- 
centrated so that thin line-shaped electrodes similar to 
tiiose shown in Fig. SB are formed in tiiese edge por- 
tions. 

[0033] Rg. 12 is a perspective view illustrating an 
example applied to a PDTL (plane dielectric transmis- 
sion line). In this example, as shown in Rg. 12, PDTL 
electi-odes 21 are formed on both surfaces of a dielec- 
tric plate 1. and one or more gaps similar to those 
shown in Fig. SB are formed in PDTL electrode's edge 
portions spaced from each other by a slot so that thin 
line-shaped electrodes are formed in these edge por- 
tions. 

[0034] Fig. 13 is a schematic diagram illustrating an 
example applied to a strip line, wherein a perspective 
view is given in Fig. 13A and an enlarged fragmentary 
view is given in Fig. 13B. In tiiis example, as shown in 
Fig. 13. ground electrodes 22 are formed on both sur- 
faces of a dielectric plate 1 and a sti'ip line electrode 23 
is formed in the inside of the dielectric plate 1 . A plurality 
of gaps are formed in each of both edge portions of the 
strip line electrode 23 so that thin line-shaped elec- 
trodes 23 ' are formed in the respective edge portions as 
shown in Fig. 13B. 

[0035] Fig. 14 is a perspective view illustrating a mod- 
ified structure of a strip line. In this strip line, a ground 
electrode 22 is formed on one surface of a dielectric 
plate 1 and a strip line electrode 23 is disposed In the 
inside of the dielectric plate 1. The strip line electrode 
23 is formed into a shape similar to that shown in Rg. 3. 
[0036] Referring now to Figs. 15 and 16, examples 
using a thin multilayer film electrode are described 
below. 

[0037] Fig. 15 is a schematic diagram illustrating an 
example applied to a microstrip line wherein Fig. 15A is 
a perspective view and Rg. 1 SB is a f ragmerrtary cross- 
sectional view of Fig. 15A. In this exanrple. as shown in 
Fig. 15, a single-layer ground electrode 2 is formed on 
one surface of a dielecti^ic plate 1 and thin multilayer film 
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electrode 30 and 30' are formed on the opposrte sur- 
face of the dielectric plate 1. Each nuiltilayer film elec- 
trode is rrade up of a multilayer film consisting of a 
conductive thin-film layer 31 and a dielectric thin-film 
layer 32 as shown in Rg. 1 5B. Gaps are formed in edge s 
portions of the microstrip line electrode so that thin line- 
shaped electrodes 30' are formed therein so that the 
current concentrated in the edge portion is divided in a 
direction parallel to the surface of the dielectric plate 1. 
Furthermore, becai^e the entire electrode is formed w 
into a multilayer thin film structure, the cun^errt concen- 
tration due to the skin effect in a direction across the 
thickness of the electrode is also suppressed. 
[0038] Rg. 16 illustrates another example also using 
a multilayer thin-film electrode. In this example, a single- is 
layer ground electrode 2 is formed on one surface of a 
dielectric plate 1 and a multilayer thin-film electrode 30 
bent at both edges is formed on the opposite surface of 
the dielectric plate 1 . The edge portions of the multilayer 
thin-film electrode 30 are bent into a direction perpen- 20 
dicular to the dielectric plate 1 as denoted by E in Rg. 
1 6. In this structure, when a current is going to gather in 
the edge portions of the multilayer thin-film electrode 30 
due to the edge effect, tiie edge portions of the multi- 
layer thin film extending in the direction perpendicular to 2s 
the dielectric plate 1 cause the current to be divided into 
the plurality of thin film layers. Furthermore, because 
the electrode has an effectively greater cross-sectional 
area in the edge portions where the edge effect occurs 
to a greater extent than in other portions, the current so 
concentration in each thin film layer is also suppressed. 
[0039] Referring now to Figs. 17-21, exanples of die- 
lectric resonators including a resonant line realized by a 
high-frequency transmission line according to any of the 
above-described techniques are described below. 3s 
[0040] Fig. 17 is a perspective view illustrating the 
sta'ucture of a 1/2-X transmission line resonator. In this 
resonator, a ground electrode 2 is formed on one sur- 
face of a dielectric plate 1 and microstrip line electrodes 
3 and 3 ' are formed on the other surface. The length m 40 
from one open end to tiie opposite open end of the 
microstrip line electrodes 3 and 3' is selected to 
become equal to Ay2 or an integral multiple of >/2 so that 
the structure acts as a resonator whose both ends are 
open. 45 

[0041] Rg. 18 is a perspective view illust-ating an 
example applied to a snap impedance resonator. This 
resonator is ot>tained by forming snap impedance elec- 
trodes 1 4 at open ends of the electrode of the resonator 
shown in Rg. 7. In this structure, the lengtii of the elec- so 
trode is smaller than that of a microstrip line resonator 
for the same resonance frequency This makes it possi- 
ble to form a dielectric resonator in a limited area. 
[0042] Fig. 1 9 illustrates a plan view and a cross-sec- 
tional view of a hairpin resonator. This resonator can be ss 
ot>tained by bending the miaostrip line electrodes 3 and 
3 ' shown in Fig. 17 into a hairpin shape. 
[0043] Fig. 20 illustrates an example applied to a hair- 



pin snap Impedance resonator. This resonator can be 
ot)tained by forming a snap impedance electrode 14 at 
both open ends of the electrode shown in Fig. 19. 
[0044] Rg. 21 illustrates an example applied to a 1/4- 
X transmission line resonator. A ground electrode 2 is 
formed on one surface of a dielectric plate 1 and a 
microstrip line electi-odes 3 and 3' with a length n equal 
to Ay4 or an odd multiple of X/4 are formed on the oppo- 
site surface. One end of each electrode is connected to 
the ground electrode 2. In this structure, the nrucrostr^) 
line electrode acts as a 1/4-X transmission fine resona- 
tor. 

[0045] Fig. 22 is a perspective view illustrating an 
example of a filter obtained by adding input/output ter- 
minals to tiie 1/2-X transmission line r^onator shown In 
Fig. 17. If input/output electrodes 41 and 42 coupled to 
the 1/2-X transmission line resonator are formed at loca- 
tions closely spaced from the open ends oft he resona- 
tor electrode as shown in Fig. 22 so that the input/output 
terminals 41 and 42 are coupled with tiie 1/2-X fans- 
mission line r^onator, then the resultant structure can 
be used as a fitter. 

[0046] Referring now to Rgs. 23-28, examples of die- 
lectric resonators otstained by forming resonator elec- 
trodes on a dielectric plate or a dielectric pole. 
[0047] Rg. 23 illustrates a perspective view and an 
enlarged cross-sectional view of an open circular TM 
mode resonator. In this resonator, as shown in Rg. 23. 
circular-shaped resonator electrodes 43 and 44 are dis- 
posed on the opposite surfaces, respectively, of a die- 
lect-ic plate 1 . Furthermore, gaps 45 are formed in the 
edge portion of each resonator electrodes 43 and 44 so 
that thin line-shaped electrodes 43' are formed In tiie 
edge portion. In this structure, the current concentration 
in the edge portions of the resonator electrodes 43 and 
44 is suppressed. As a result, the conductor loss 
decreases and thus Qo of the resonator increases. 
[0048] Fig. 24 is a perspective view of an open rectan- 
gular TM mode resonator, in this resonator, rectangular- 
shaped resonator elecfrodes 43 and 44 are disposed on 
the opposite surfaces, respectively, of a dielectric plate 
1 . Except for the above, the structure of this resonator is 
similar to that shown in Fig. 23. 
[0049] Fig. 25 is a perspective view of a rectangular 
sf ip line resonator. In this resonator, as shown in Rg. 
25, a ground electrode 2 is formed on one surface of a 
dielectric plate 1 and a rectangular-shaped resonator 
electrode 46 is formed on the other surface. One or 
more gaps similar to those shown in Fig. 23B are 
formed in edge portions of the resonator electrode 46 
so tiiat thin line-shaped elecfrod^ are formed in the 
edge portions. 

[0050] Fig. 26 illusfrates a circular st-ip line resonator. 
In this resonator, a circular-shaped resonator electrode 
46 is formed on one surface of a dialectic plate 1. 
Except for the above, tiie st-ucture of tttis resonator is 
similar to that shown in Rg. 25. 
[0051 ] Rg. 27 is a partially cut-away perspective view 
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of an open circular dielectric resonator disposed in a 
cavity. In Rg. 27, reference numeral 48 denotes cylindri- 
cal-shaped dielectric poles. A resonator electrode 43 is 
disposed between these two dielectric poles, and elec- 
trodes 44 are disposed on the outer erd faces of the 
re^ective dielectric poles. The assembly of these ele- 
ments is disposed in the inside of a cavity (shielded cav- 
ity) 47. The resonator electrode 43 may be made up of 
a single layer or a combination of two electrodes formed 
on the Inner end faces of the two dielectric poles 48, 
respectively. The electrodes 44 formed on the outer end 
faces of the two dielectric poles 48 may or may not be 
electrically connected to the wall of the cavity 47. 

[0052] Fig. 27C illustrates the current distribution in 
the resonator electrode. Fig. 27D illustrates the electric 
distribution in the resonator, and the Fig. 27E illustrates 
the magnetic field distribution in the resonator. As can 
be seen from these figures, the great majority of energy 
of the resonant electromagnetic field is concentrated 
within the dielectric pole, and the electromagnetic field 
distributions in the respective dielectric poles are similar 
to the distribution in the circular TM110 mode. As a 
result, the current is concentrated in the edge portions 
of the resonator electrode 43. 

[0053] Rg. 27B is an enlarged cross-sectional view of 
the part enclosed in a circle In Fig. 27A. As shown in 
Fig. 27A, a plurality of gaps are formed in the edge por- 
tion of the resonator electrode 43 so that thin line- 
shaped electrodes 43' are formed in the edge portion 
thereby suppressing the current concentration in the 
edge portion of the resonator electrode 43. 
[0054] Fig. 28 illustrates an example of a TE-mode 
dielectric resonator. In Rg. 28, reference numeral 1 
denotes a rectangular-shaped dielectric plate having a 
size corresponding to the size of a cavity 47. Ground 
electrodes 2 each having a circular opening formed at 
the center are formed on both surfaces of the dielectric 
plate 1 . A TE-mode resonator is formed in the region of 
the dielectric plate which is not covered with the ground 
electrodes 2 (at a location where openings are formed). 
A plurality of gaps are formed in the edge portion, 
immediately adjacent to the non-electrode portion, of 
each ground electrode 2 so that thin line-shaped elec- 
trodes 2' are formed in the edge portion thereby sup- 
pressing the current concentration in the edge portion 
adjacent to the opening of the ground electrodes 2. 
[0055] Rg. 29 illustrates a duplexer comprising a res- 
onant transmission line formed on a dielectric plate. 
[0056] Fig. 29A is a top view illustrating the whole 
structure. Figs, 29B, 29C, 29D are enlarged views of 
portions denoted by B, C, and D in Fig. 29A. In Fig. 29A, 
TX denotes a transmission signal input terminal, RX 
denotes a rec^tion signal output terminal, and ANT 
denotes an antenna terminal. Reference numerals 51, 
52, 53, and 54 denotes hairpin type resonators formed 
by berKling microstrip line electrodes into a hairpin 
shape as shown in Rg. 19. Reference numeral 50 
denotes a branch line. 
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[0057] At the boundary between the terminal TX and 
the microstrip line electrode of the resonator 51, as 
shown ion Fig. 29B, the end of the central microstrip line 
electrode 3 and the ends of the thin line-shaped elec- 

5 trodes 3 ' at both sides of the electrode 3 are formed into 
a finger shape such that they are alternately long and 
short. The terminal TX has fingers each having a length 
matching the length of the corresponding thin line- 
shaped electrodes 3 ' at the bouridary, and the f ingers of 

10 the terminal TX and the fingers of the microstrip line 
electrode 3 are coupled in an interdigital fashion. At the 
boundary between the microstrip line electrode of the 
branch line 50 and the microstrip line electrode of the 
resonator 52, a coupling is made in a similar manner as 

75 shown in Fig. 29D. At the boundary between the reso- 
nator 51 and the resonator 52, as shown in Fig. 29C. the 
end of the central microstrp line electrode 3 and the 
ends of the thin line-shaped electrodes 3 ' at both sides 
of the electrode 3 are fbrmed into a finger shape such 

20 that they are alternately long and short for both resona- 
tors 51 and 52. and they are coupled into an interdigital 
fashion. Similar couplings are fbrmed at tx)undaries 
between the terminal RX and the resonator 54, t^etween 
the resonator 52 and the branch line 50, between the 

25 branch line 50 and the resonator 53, and between the 
resonator 53 and the resonator 54. In this structure, 
strong external couplings between the resonators and 
the terminals and strong couplings between adjacent 
resonators are obtained. This allows the characteristics 

30 of the filter to be designed in a more flexible manner. 

[0058] In the structure shown in Fig. 29, a transmis- 
sion filter consisting of two stages of resonators 51 and 
52 is formed between the terminal TX and the branch 
line 50. and a reception filter consisting of two stages of 

35 resonators 53 and 54 is formed between the terminal 
RX and the branch line 50. The line length of the branch 
line 50 and the connection position between the 
antenna terminal ANT and the branch line 50 are deter- 
mined in such a manner as to obtain phases which pre- 

40 vent interference between the reception filter and the 
transmission filter. 

[0059] Referring now to Fig. 30, a communication 
device using the above-described dielectric filter or 
duplexer is described below. As shown in Rg. 30, the 

45 communication device includes a transmission/recep- 
tion antenna ANT, a duplexer DX, bandpass filters 
BPFa, BPF13, and BPFc. amplifiers AM Pa and AMPb. 
mixers MIXa and MIXb, an oscillator OSC, and a fre- 
quency divider (synthesizer) DIV. The mixer MIXa mod- 

50 ulates a frequency signal output from the frequency 
divider DIV in accordance to a modulation signal. The 
bandpass filter BPFa passes only a signal within a 
transmission frequency band. The amplifier AM Pa per- 
forms power amplification on the output of the bandpass 

55 filter BPFa. The resultant signal is sent to the antenna 
via the duplexer DPX and radiated. On the other hand, 
the bandpass filter BPFb passes only a signal compo- 
nent contained in the output of the duplexer DPC within 
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a reception frequency band. The signal output by the 
bandpass fitter BPFb is amplified by the amplifier AMPb. 
The mixer MIXb mixes the frequency signal output by 
the bandpass filter BPFc and the reception signal and 
outputs an intermediate frequency signal IF. 5 
[0060] The duplexer DPX shown in Rg. 30 may be 
realized using a duplexer having the structure shown in 
Rg. 29. The bandpass filters BPFs, BPFb. and BPFc 
may be realized using dielectric filters having the struc- 
ture shown in Fig. 22. A voltage controlled oscillator 10 
may be employed as the oscillator OSC wherein the 
resonator in the oscillator may be realized using any 
resonator described above. Thus, it is possible to real- 
ize a communication device having a small total size 
and having a high power conversion effiderxjy. is 
[0061 ] As can be urvjerstood from the above descrip- 
tion, the present invention has various advantages. That 
is, in the high-frequency transmission line according to 
the first aspect of the invention, the current is divided 
into the thin line-shaped electrode and the edge portion 20 
of the main electrode without encountering a significant 
reduction in the total cross-sectional area of the elec- 
trode. Thus, it is px>ssible to further reduce the conduc- 
tor loss compared with the conventional transmission 
line made up of thin line-shaped conductors with a f ixed 2s 
width over the entire with of the transmission line, tn the 
case where a conductor loss similar to that of the con- 
ventional transmission line is allowed, it is possible to 
achieve a transmission line with a smaller total size 
and/or a smaller thickness. 30 
[0062] In another aspect of the invention the electrode 
IS formed into a multiiayer structure consisting of thin 
conductive layers and thin dielectric layers so that the 
cunrent flow is divided into a plurality of thin conductive 
layers thereby suppressing the current concentration 35 
also in the direction across the thickness of the elec- 
trode thus further r^udng the total conductor loss. 
[0063] In the microstrip line according to the invention, 
if the electrode is made of a superconductive material, 
the current concentration in various portions of the elec- 40 
trode are suppressed and thus it is possible to easily 
maintain superconductivity even for a rather large cur- 
rent. 

[0064] In another aspect of the invention, when a cur- 
rent is going to gather into an edge portion of the elec- 4S 
trode due to the edge effect, the current is divided into a 
plurality of thin conductive layers of the portion of the 
electrode bent in the direction sut^antially perpendicu- 
lar to the surfece of the dielectric plate. Furtiiermore. 
the effective cross-sectional area of the electrode so 
increases in the edge portion where the edge effect 
occurs to a greater extent than in other portions and 
thus the current concentration in each thin conductive 
layer is also suppressed. 

[0065] In the dielectric resonator according to another ss 
aspect of the present invention, the suppression in the 
current concentration in the edge portions results in a 
reduction in the total conductor loss and thus an 
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increase in no-load Q (Qo). 

[0066] According to another aspect of the invention, a 
small-sized filter having a low loss is achieved. 
[0067] According to another aspect of the inverttion. a 
small-sized duplexer having a low loss is achieved. 
[0068] According to another aspect of the invention, a 
small-sized filter having a high power conversion effi- 
ciency is achieved. 

daims 

1 . A high-frequency transmission line including a die- 
lectric (1) and an electrode (3. 3*; 6; 7; 8. 9; 10, 1 1 ; 
12; 21 .•23.23': 30. 30*). said high-frequency trans- 
mission line being characterized in that one or more 
gaps (4) are formed in an edge portion (3'; 23*) of 
tiie electrode along an edge of the electrode. 

2. A high-frequency transmission line according to 
Claim 1. wherein said electrode (30. 30*) is formed 
into a multilayer structure consisting of thin conduc- 
tive layers (31) and tiiin dielectric layers (32). 

3. A high-frequency transmission line according to 
Claim 1 or 2. wherein said electrode (3. 3'; 6 to 12; 
21; 23, 23*; 30, 30*) is made of a superconductive 
material. 

4. A high-frequency transmission line including a die- 
lectric (1) and an electrode (30), said high-fre- 
quency transmission line being characterized In 
tiiat said electrode (30) is formed into a multilayer 
structure consisting of thin conductive layers (31) 
and thin dielectric layers (32). and an end of sakJ 
electrode (E) is bent in a direction substarrtially per- 
pendicular to the surface of the dielectric (1). 

5. A dielectric resonator characterized in that a high- 
frequency transmission line according to any of 
Claims 1 to 4 is employed as a resonarrt line. 

6. A dielecti^ic resonator including an electrode (2,2*; 
3. 3'; 14; 43. 43*; 46) formed on the surface of a die- 
lectric (1) or tn the inside of a dielectric, said dielec- 
t-ic resonator being characterized in tiiat one or 
more gaps (4; 45) are formed in an edge portion of 
the electrode along an edge of the electi'ode. 

7. A filter including: a dielectric resonator according to 
Claim 5 or 6; and input/output electrodes (41 , 42) 
coupled to said dielectric resonator. 

8. A duplexer including a transmission fitter (51. 52) 
and a reception filter (53. 54) each realized using a 
f ilter according to Claim 7, wherein said transmis- 
sion filter is disposed between a transmissfon sig- 
nal input port (TX) and an antenna port (ANT). arKi 
said reception filter is disposed between a recep- 
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tion signal output port (FOQ and the antenna port 
(ANT). 

9- A communication device including a high-frequency 
circuit wherein said high-frequency circuit includes 
at least one of a high-frequency transmission line 
according to any of Claims 1 to 4, a dielectric reso- 
nator according to Claim 5 or 6. a filter accordng to 
Claim 7, or a duplexer acoording to Claim 8. 
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